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THE  DETERMINATION  OF  ALDEHYDES  IN 
FLAVORING  EXTRACTS. 

The  wide  use  of  flavoring  extracts  opens  up  an  exten- 
sive field  for  investigation  in  the  realm  of  food  cher istry. 
In  the  struggle  for  pure  food  products  the  chemist  has  been  call- 
ed upon  to  detect  adulterations  and  to  determine  the  purity  of 
various  flavoring  agents.  The  sources  of  the  raw  materials  and 
the  methods  of  preparing  the  extracts  have  been  studied  very 
carefully.  These  investigations  are  very  important  because  the 
food  products  in  question  have  a  very  large  domestic  consumption. 
Vanilla  and  lemon  are  by  far  the  most  extensively  used  of  the 
flavoring  extracts,   and  in  comparison  with  these  the  use  of  all 
other  varieties  is  relatively . insignificant .  These  two  favorite 
extracts  are  in  nearly  every  household.  They  form  a  necessary  ad- 
junct   to  almost  all  forms  of  desserts,   cakes,   and  confections, 
as  well  as  to  a  wide  variety  of  commercial  preparations. 

The  need  of  satisfactory  quantitative  methods  for  de- 
termining aldehydes  is  a  very  urgent  one.   It  is  in  this  way  that 
we  are  able  to  get  a  basis  for  the  valuation  of  many  essential 
oils.  The  assay  of  flavoring  extracts  such  as  lemon,  vanilla, 
orange,   cinnamon,  and  almond  depends  upon  the  accurate  estima  - 

tion  of  the  special  aldehydes  which  they  contain.  Various  methods 
proposed  have  given  widely  different  results,   and  this  fact  in- 
dicated the  need  of  a   careful  study  and  revision  of  the  methods 

now  used. 

The  object  of  the  work  was  to  study  some  of  the  meth- 
ods for  the  quantitative  determination  of  citral  in  lemon  oil  and 
lemon  extract.  No  very  satisfactory  method  for  the  determination 
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of  citral  in  the  extract  has  yet  been  proposed,  although  there 
are  several  methods  which  may  be  applied  to  the  oil  with  a  fair 
degree  of  accuacy.  During  the  experimental  work  m  the  laborat- 
ory several  of  the  best  known  methods  now  in  use  were  tried  out 
on  citral  solutions  of  different  concentrations,  samples  of  lem 
on  extract. 

Aside  from  the  experimental  work,   the  methods  for  de- 
termining aldehydes  in  essential  oils  used  for  making  flavoring 
extracts  were  studied.  The  literature  on  the  subject  was  rev- 
iewed and  some  of  the  more  important  methods  for  these  determin 
ations  will  be  here  set  down. 

The  aldehydes  are  the  first  oxidation  products  of  pri 
mary  alcohols  and  have  the  structure   K.—  C  -  H  They  occur  in 
nature  as  the  important  constituent  of  many  essential  oils. 
They  give  to  these  oils  their  most  valuable  properties  such  as 
flavor  and  odor.  For  instance,   citral  gives  to  lemon  oil  its 
characteristic  flavor;   cinnamic  aldehyde  is  essential  to  the 
flavor  and  odor  of  cinnamon  oil.  The  aldehyde  vanillin  is  the 
active  principle  of  vanilla.  Benzaldehyde  or  oil  of  bitter  al- 
monds is  obtained  from  bitter  almonds,  peach  kernels,   and  sev- 
eral other  vegatable  substances. 

Owing  to  their  structure  aldehydes  are  very  reactive. 
The  double  union  between  carbon  and  oxygen  in  the  aldihyde 
group, — C~0  may  be  considered  as  analogous  to  a  double  union 
between  carbon  atoms.  In  this  consition  oxygen  occuties  a  great 
atomic  value  than  when  singly  united,  and  the  aldehyde  group 
reacts  very  easily  with  a  great  variety  of  substances.   In  fact, 
a  double  union  as  is  well  known  is  weaker  than  a  single  one. 
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Aldehydes  are  easily  oxidized.      When  an  aqueous  solution  of  aide 
hyde  is  added  to  a  weak  ammoniacal  solution  of  silver  nitrate, 
silver  separates  on  the  side  of  the  vessel  as  a  mirror.  Mercury 
salts  are  also  reduced  by  aldehydes.       The  aldehydes  of  the  ali- 
phatic series  reduce  alkalin  copper  solutions  hut  those  of  the 
aromatic  series  do  not. 

They  combine  with  hydrazine,  usually  with  the  immediate  sep- 
aration of  water  and  the  formation  of  hydrazones.       This  is 
characteristic  of  the  carbonyl.^G1 0,  group. 

R-CHO  +  Hx  N-/VH-Q My  ->  P.-CH-A/-  A///-Q  fa  +  H^O 

Aldehydes  react  with  hydroxyl  amine  to  form  oximes, 

R-CHO+HJV-OH --  R-CH^N-OH+HxO 

and  carbazines  to  form  carbazones. 

With  primary  aromatic  amines  they  condense  to  form  bodies 
known  as  Schiff  bases.  These  are  often  colored,  or  form  col- 
ored salts* 

R-CHO*  Hx/V-R'--  F-CHzAZ-R^HxO 

With  meta-phenylene -diamine  hydrochloride  condensation  takes 
place,  a  colored  body  being  formed  which  serves  as  the  basis  of 
a  quantitative  colorimetric  method. 

With  sulphites  and  bisulphites  of  the  alkalies  and  alkali 
earths  the  aldehydes  give  addition  products. 


A  dilute  cold  solution  of  a  fuchsine  salt  which  has  been 

decolorized  by  sulphurous  acid,  is  reddened  by  reaction  with 
aldehydes. 

_______  
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They  combine  directly  with  hydrocyanic  acid  to  form 
compounds  called  cyanhydrins .  The  carbon  of  the  hydrocyanic 
acid  is  combined  directly  with  the  carbon  of  the  akdehyde  group. 
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QUANTITATIVE  METHODS  FOR  CITRAL. 

Herbert  E.  Burgess*  has  through  his  work  on  the  determination 
of  aldehydes  in  essential  oils  contributed  a  considerable  amount  of 
valuable  information  on  the  subject.      In  his  first  work  he  tried 
to  discover  a  quantitative  reaction  which  could  be  used  in  the  es- 
timation of  citral.      He  tried  the  action  of  mercury  salts  on  alde- 
hydes with  a  view  to  determining  the  amount  of  reduction  or  to 
weighing  the  compound  formed.      He  was  unsuccessful  in  doing  this 
but  he  noticed  well  defined  color  reactions  with  aldehydes  from  es- 
sential oils.      A  solution  of  10  grams  of  mercuric  sulphate  in 
100  c.c.  of  25  per  cent  sulphuric  acid  gave  with  citral  a  bright 
red  color  on  shaking.      The  color  rapidly  disappeared  and  at  the 
same  time  a  whitish  compound  was  formed  which  floated  on  the  top. 

A  method  proposed  by  Kleber**  makes  use  of  the  reaction  be- 
tween citral  and  phenyl  hydrazine.      A  ten  per  cent  solution  of  pu- 
rified phenyl  hydrazine  in  alcohol  is  used.      Fifteen  grams  of  the 
sample  are  weighed  into  a  small  glass-stoppered  flask  and  10  cc. 
of  the  phenyl -hydrazine  solution  added  is  allowed  to  stand  for  half 
an  hour  and  then  the  contents  of  it  are  titrated  with  half  normal 
hydrochloric  acid,  using  methyl  orange  as  indicator.      Ten  c.c.  of 
the  phenyl  hydrazine  are  titrated  in  the  same  manner.       The  differ- 
ence in  cubic  centimeters  of  half  normal  acid  between  this  titra- 
tion and  that  of  the  sample,  multiplied  by  the  factor  0.076,  gives 
the  weight  of  citral  in  the  sample. 


*  Analyst,  XXV,  265. 

**  Proc.  A.  0.  A.   C.   1910,  Bulletin  137,  p.  72. 
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The  coloriraetric  method  by  Hiltner\'  which  is  based 
on  the  coloration  of  a  solution  of  meta-phenylene-diamine  hy- 
drochloride,  is  now  in  use.  The  reagents  used  are  a  one  per 
cent  solution  of  meta-phenylene-diamine  hydrochloride  in  fifty 
per  cent  alcohol,  a  standard  citral  solution,  and  ninety  to  nine- 
ty-five per  cent  alcohol.  The  manipulation  may  be  carried  out  in 
any  suitable  form  of  colorimeter,   and  at  room  temperature. 

To  determine  citral  by  weight,  weigh  out  twenty-five 
grams  of  the  sample  and  make  up  to  the  mark  in  a  fifty  c.c. 
flask  v/ith  alcohol.  Place  two  c.c.  of  this  solution  in  a  color- 
imeter tube,  add  ten  c.c.  of  the  meta- -phenylene -diamine  hydroch- 
loride solution  and  complete  the  volume  to  fifty  c.c.  v/ith  al- 
cohol. Compare  the  color  with  that  of  the  standard,   treated  in 
the  srms  manner.   In  determining  j  citral  in  lemon  oil  an  "extract" 
of  five  to  eight  grams  diluted  in  one  hundred  c.c.  of  alcohol 
is  first  made. 

The  advantages  of  this  method  may  be  summed  up  as  follove 

1.  Room  temperature  may  be  used  in  carrying  out  operations. 

2.  It  is  not  necessary  to  use  aldehyde  free  alcohol. 

3.  The  reagents  act  negatively  with  acetaldehyde  and  citron- 
ellal  which  are  present  in  small  amounts  in  extracts. 

One  disadvantage  is  the  fact  that  the  color  abtained 
from  the  different  samples  is  not  uniform. 

Chace's    method  depends  on  the  recoloration  of  fuchsin 
in  sulphurous  acid.  The  fuchsin  solution  is  made  by  dissolving 

1.  Journ.  Ind.   Chem.   I.  1909. 

2.  Journ.  Am.  Chem.  Soc.  28,   1906,  p.  172. 
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0.5  gram  fuchsin  in  250  c.c.  of  water  and  adding  a  solution  of 
sulphurous  acid  containing  sixteen  grams  of  SOo  ,  allowing  the 
solution  to  stand  until  it  is  colorless,  then  make  up  to  1000  c.c. 
with  distilled  water.  This  solution  deteriorates  and  must  be 
made  up  fresh  every  two  or  three  days. 

A  standard  solution  of  citral  is  prepared  by  dissolving 
one  gram  of  chemically  pure  citra.1  and  making  up  to  one  liter  with 
fifty  per  cent  by  volume  alcohol. 

The  alcohol  used  must  be  aldehyde-free  and  is  prepared 
in  the  following  manner:-  A  liter  and  a  half  of  alcohol  is  treat- 
ed with  metaphenylene  diamine  hydrochloride  and  boiled  on  a 
steam  bath  in  a  flask  fitted  with  a  reflux  condenser  for  eight 
hours.  The  alcohol  is  then  dist  lied  and  the  first  100c. c.  and 
the  last  50  c.c.  are  rejected. 

..  tile  in  use  the  reagents  and    comparison  tubes  are 
kept  at  a  temperature  of  15°    in  a  water  bath. 

For  lemon  oil  a  two  grar     sample  is  placed  in  a  one 
hundred  c.c.  flask  with  alcohol  cooled  to  15°  and  made  up  to 
the  mark.  For  lemon  extracts  twenty  to  thirty  grams  must  be  used. 
Aliquot  parts  of  this  solution  (4  c.c.)  at  the  temperature  of 
the  bath  are  measured  and  placed  in  comparison  tubes,  20  c.c.  of 
aldehyde-free  alcohol  are  added,   then  20  c.c.  of  fuchsin  solution, 
and  the  whole  made  up  to  50  c.c.  The  comparison  tubes  are  made 
up  the  same  way,   using  4  c.c.  of  standard  solution.  After  mixing 
the  tubes  are  placed  in  the  bath  for  ten  minutes,  when  they  are 
removed  and  comparisons  are  made  by  direct,  matching  or  with  a 
colorimeter . 


-8- 

Bennett's  method*  for  determining  citral  is  based  upon  the 
reaction  between  citral  and  hydroxylamine  in  alcoholic  solution. 
The  reagents  used  are  N/2  hydrochloride  in  eighty  per  cent  alco- 
hol.     Fifteen  grams  of  the  sample  are  mixed  with  20  c.c.  of  the 
hydroxylamine  hydrochloride  solution  in  a  good  Florence  flask, 
8  c.c.  of  alcoholic  potash  and  20  c.c.  of  ninety-five  per  cent 
alcohol  are  added.      The  flask  is  placed  under  a  reflux  condenser 
and  heated  for  one  half  hour,  the  condenser  washed  down  and  the 
sample  diluted  to  approximately  250  c.c.  with  water.      The  sample 
is  neutralized  to  phenolpthalein  and  titrated  with  H/2  acid,  us- 
ing methyl  orange  as  indicator.      Better  results  have  been  ob- 
tained by  testing  the  end-point  on  a  porcelain  plate  with  dilute 
indicator.      A  blank  is  run  and  the  amount  of  citral  calculated 
from  the  difference  between  the  acid  used  in  neutralizing  the 
blank  and  that  used  in  neutralizing  the  sample. 

The  reaction  of  aldehydes  with  sulphites  and  bi -sulphites 
of  the  alkali  earths  has  been  the  basis  of  numerous  methods  pro- 
posed  for  the  determination  of  special  aldehydes.      G.  Romeo** 
in  1905  came  forward  with  a  method  for  determining  citral  based 
on  the  fact  that  when  citral  is  absorbed  by  KHS03  or  NaHC03  with 
sufficient  excess  of  the  acid  sulphite  for  the  solution  to  re- 
main acid  after  the  absorption,  the  acidity  is  reduced  in  the 
proportion  of  three  molecules  for  each  molecule  of  citral  present. 
The  reagents  used  were  as  follows: 

Solution  of  400  g.  NaaS03  in  one  liter  of  water; 

*  Analyst,  1909,  34:14. 

**  Analyst  XXIX  371    Abst.  from  Chem.  &  Druggist,  1905  LXVII,  408 
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sufficient  NaHS03  was  added  so  that  25  c.c.,  equal  20  o.c.  of 
H/2  KOH.      Five  c.c.  of  the  oil  were  treated  with  this  solution 
on  the  water-hath  in  a  closed  flask  for  three  hours,  then  the  ex- 
cess acid  was  titrated.      Some  of  the  results  obtained  by  this 
method  are  given.      Theoretically  152  g.  (one  mol )  should  neu- 
tralize 3,000  c.c.  of  normal  acid.       In  three  experiments  the  re- 
sults were: -2,955  c.c,  2,957.7  c.c,  and  2,962.7  c.c.       In  four 
samples  of  lemon  oils  the  author  found  3.65,  3.48,  3.54,  and 
3.80  per  cent  of  citral. 

In  Ripper's  method  an  aqueous  solution  of  aldehyde  is  treat- 
ed with  an  excess  of  a  bisulphite  of  an  alkali  metal  in  which  the 
HaS03  has  been  determined  with  iodine.       The  aldehyde  will  com- 
bine with  the  bisulphite  and  the  H3SO3  is  determined  in  the  ex- 
cess.     Twenty-five  c.c.  of  the  aldehyde  solution  are  placed  in 
a  a  150  c.c.  flask,  50  c.c.  of  KHSO3  (l  liter  equals  12  g.  KHSO3  ) 
are  added;  the  flask  tightly  corked  and  set  aside  for  fifteen  min- 
utes.     During  this  time  the  iodine  value  of  50  c.c.  of  the 
KHSO3  solution  may  be  determined  with  Jtf/lO  iodine  solution. 
Then  with  the  same  iodine  solution  the  uncombined  H.3SO3  in  the 
first  solution  is  titrated  back.      The  difference  between  the 
first  and  second  titration  gives  the  amount  of  H3SO3  combined 
with  the  aldehyde.      The  result  is  calculated  by  using  this 
formula,  ^  oH 

Sadtler's  work*,  based  on  the  work  of  Tieman,  Dodge,  and 
Heusler,  furnishes  some  interesting  and  important  results.  The 
neutral  sulphites  were  used  to  react  with  the  aldehydic  con- 


*  J.  Amer.  Chem.  Soc.     1905,  XXVII,  1321. 
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stituents  of  certain  essential  oils,  and  the  amount  of  aldehyde 
present  determined  by  difference  of  volume  as  measured  in  cassia 
flasks.  Alkali  was  formed  by  the  reaction  and  was  indicated  by 
phenolphthale in  and,  by  neutralizing  the  alkali  as  formed,  the 
end  point  of  the  reaction  could  be  ascertained. 

The  author  measured  the  amount  of  standard  acid  requir 
ed  to  neutralize  the  alkali  and  by  calculating  the  amount,  v/as 
able  to  determine  the  percentage  with  a  fair  degree  of  accuracy. 
Citral,  cinnamic  aldehyde,  benzaldehyde ,  vanillin,  and  formalde- 
hyde were  tried,  all  of  which  react,  although  as  he  showed,  they 
react  differently. 

Double  bonds  seem  to  aid  in  bringing  about  a  reaction 
when  close  to  the  CHG  groui   as  in  the  case  of  benzaldehyde  and 
vanillin  is  probably  a  factor.  It  was  noticed  in  the  case  of  the 
most  active  aldehyde  of  high  molecular  weight,   cinnamic  aldehyde 
that  both  the  double  bond  and  the  benzene  neucleus  are  near  the 
OHO  group. 
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ALDEHYDE  OTHER  THAN  CITRAL. 

C inn ami e  aldehyde,  the  special  aldehyde  of  cinnamon 
oil,  is  determined  by  a  method  given  by  Schimmel  &  Go. Vin 
which  acid  sodium  sulphite  is  used,  A  special  flask  of  100  c.c. 
with  a  neck  graduated  to  read  to  0.1  c.c.   is  necessary.  Ten  c.c. 
of  the  oil  are  placed  in  the  flask  and  ten  c.c.  of  a  30  %  sol- 
ution of  KaHSO    are  added.  The  flask  is  shaken  and  immersed  in 
boiling  water,  TVhen  the  mixture  has  melted  more  of  the  bisulphite 
is  added  and  shaken  until  the  oder  of  cinnamic  aldehyde  has 
disappeared,  and  heated  until  no  more  solid  particles  are  present. 
The  flask  is  cooled  and  bisulphite  solution  added  until  the  bot- 
tom of  the  oil  is  at  the   zero  mark.  The  oil  is  read  and  subtract- 
ed from  ten  c.c.     The  remainder  is  the  volume  of  the  cinnamic 
aldehyde  in  the  sample.  This  may  be  tal  ,n  as  per  cent  as  the 
specific  gravity  of  the  aldehyde  is  nearly  the  same  as  the  other 
constituents . 

2 

Hortvet  and  West    have  a  method  for  determining  ben- 
zaldehyde  in  almond  extract  and  give  the  following  directions :- 
Leasure  10  c.c.  of  the  extract  into  a  100c. c.  flask  and  add  10 
c.c.  of  a  10  f0  sodium  hydroxide  solution  and  20  c.c.  of  a  30  % 
hydrogen  peroxide  solution.  Cover  with  a  watch  glass  and  place 
irfe  the  water  oven.  Oxidation  begins  immediatly  and  should  be 
i  mtinue,.  five  or  ten  minutes  after  the  odor  of  benzaldehyde  has 
disappeared  (about  one  half  hour  altogether).  Llitro  benzol  can 
be  detected  by  its  odor  if  present,  Remove  from  the  oven,  transfer 

1.  Allen  111,  441. 

2.  Journ.  Ind.  Chem.  I.  1909,  p. 86. 

 ;  ,  .  ______________   - 
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to  a  separatory  funnel,   add  10  c.c.  of  20)o  sulphuric  acid  sol- 
ution and  cool  to  room  temperature.  Extract  the  benzoic  acid 
with  ether  in  three  portions  of  50  c.c,  30  c.c,  and  20  c.c; 
wash  the  combined  extracts  in  another  separatory  funnel  with 
two  portions  of  from  25  to  30  c.c.  of  distilled  water  or  until  the 
sulphuric       acid  is  removed.  Filter  this  into  a  tared  dish,  wash 
with  ether  and  evaporate  at  room  temperature.  Dry  over  night  in 
dessicator  and  weigh. 

The  benzoic  acid  and  therefore  the  benzaldehyde  may  also  be  der 
termined  by  titrating  the  acid  with  standard  alkali. 

1 

Another  method  for  benzaldehyde  by  Kerrissey  ,*  depends 
on  the  reaction  between  phenylhyc razire  and  benzaldehyde.  Five 
c.c.  of  an  aqueous  solution  containing  the  benzaldehyde  are 
mixed  with  50  c.c  of  the  reagent  which  is  prepared  by  dissolv- 
ing 0.5  c.c  of  acetic  acid  and  one  c.c   of  freshly  distilled  phe 
nyl  hydrazine  in  100  c.c   of  water.  The  mixture  is  heated  on  the 
water-bath  for  twenty  to  thirty  minutes  and  allowed  to  stand  for 
twelve  hours.  The  precipitate  is  collected  on  a  tared  Gooch 
crucible  and  washed  with  twenty  c.c.  of  water  and  dried  in  vacuo 
over  sulphuric  acid  and  weighed. 

The  method  of  Denis  and  Dunbar2*,  is  based  on  the  pre- 
cipitation of  benzaldehyde  as  its  phenylhydra  zone  by  means  of  a 
reagent  composed  of  1  c.c  of  phenylhydrazim  ,   1.5  c.c.  of 

glacial  acetic  acid,  and  20  cc.  pf  water,  prepared  immediately 
1.   Journ.  Pharm.  Chem.   1906 (vi)  23,  60. 
2"..  Journ..  Ind.  and  Eng..  Chem.  1909,  9,488.. 
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befOre  use.  Two  10c.  c.  portions  of  the  almond  extract  are  treated 
respectively  with  10c. c.   and  15  c.c.  of  the  reagent  in  stoppered 
flasks,  and  after  shaking,   the  mixtures  are  allowed  to  stand 
over  night,  200  c.c.  of  water  are  then  added  to  each  flask, 
the  precipitates  collected  in  Gooch  crucibles  on  asbestos,  wash- 
ed with  cold  water  and  then  with  10  c.c.  of  10  fa  alcohol,  and 
dried  in  vacuo  over  sulphuric  acid  or  for  three  hours  at  70  to 
80  degrees  C.   in  a  vacuum  oven.  It  is  advisable  to  make  a  second 
determination  with  15  c.c.   of  reagent,  because,  although  most 
almond  exteacts  contain  about  1  per  cent,  of  oil  of  bitter  almond^ 
occasionally  samples  are  met  with  containing  as  much  as  6  /0  of 
benzaldehyde .  The  method  gives  results  corresponding  to  97  -  99  % 
of  the  theoretical  ones,  and  the  accuracy  is  not  affected  by  the 
presence  of  benzoic  acid  or  nitrobenzene. 

For  the  determination  of  vanillin  with  m-nitrobenzoyl 
hydrazide.  The  solution  of  vanillin  is  treated  with  a  fifty  per 
cent  excess  of  a  two  per  cent  solution  of  m-nitrobenzoyl .hydraz- 
ide in  hot  water.  The  flask  is  stoppered  and  allowed  to  stand 
for  twenty-four  hours  with  occasional  shaking.  The  precipitate 
is  collected  in  a  tared  Gooch  crucible,  washed  with  cold  water, 
dried  for  two  hours  at  100  to  105  degrees  and  weighed.  The 
precipitate  turns  brown  at  first  but  regains  its  original  color 
after  fifteen  minutes.   ..eight  xO.4829  gives  the  weight  of  the 
vanillin. 

1.   Zeit.  Nahr.  U.  Gen    >s.  1905,   10,  587. 


-14- 

Another  method  of  determining  vanillin  is  that  of  A. 
Moulin  ,     Vanillin  which  contains  the  group  CgH^OCH-,   is  treated 
with  fuming  nitric  acid.  Methyl  picrate  is  formed  and  the  yellow 
color  is  matched  with  that  of  a  given  standard.  A  known  weight 
(.5  gran..)  of  vanillin  is  treated  with  a  mixture  of  10  c.c.  of 
sulphuric  acid  and  100  c.c.  of  acetic  acid,  and  after  solution 
is  complete  a  few  crystals  of  potassium  nitrate  are  intro  luced 
and  the  liquid  heated  on  the  water  bath  for  an  hour  at  6C  de- 
grees.    It  is  then  allowed  to  stand  for  twelve  hours  and  then 
diluted  to  100c. c.  Each  cubic  centimeter  represents   .005  gram 
of  vanillin. 

In  the  determination  three  to  six  beans  are  finely 
powdered  and  shaken  with  successive  portions  of  ether  at  65 
until  exhausted.  The  united  extracts   (150  to  °00  c.c.)  are 
decororized  with  about  ten  grams  of  animal  charcoal  and  filt- 
ered. The  filtrate  and  washings  are  evaporate,,  to  dryness  on 
the  water  bath.  The  residue  is  treated  as  described  above 
and  the  color  is  matched  by  means  of  a  standard.  The  results  are 
stated  to  be  in  close  agreement  with  results  of  gravimetric 
determinations . 

1.  Bull.   Soc.  Ghem.  1903, XXIX,  278-280, 
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EXPERIMENTAL. 

The  laboratory  work  consisted  in  trying  out  several  of  the 
methods  for  the  determination  of  citral  in  alcoholic  solutions 
of  lemon  oil  and  solutions  of  citral  of  known  strength.  Citral 
was  chosen  because  it  is  one  of  the  most  important  of  the  alde- 
hydes upon  whose  properties  the  value  of  flavoring  extracts  de- 
pends and  because  the  methods  are  not  as  yet  completely  satisfac 
tory.       It  occurs  in  several  other  oils  besides  lemon  oil,  but 
the  fact  that  it  occurs  in  lemon  oil  gave  rise  to  the  need  of 
accurate  methods  for  its  estimation.      The  best  lemon  oil  is  pro 
duced  on  the  island  of  Sicily.      Before  exportation  the  citral 
content  of  the  oil  is  determined  by  the  Italian  chemists.  The 
amount  of  citral  as  estimated  by  these  chemists  averages  from 
six  to  seven  and  one  half  per  cent.      This  amount  is  contended 
to  be  too  high  as  American  and  English  chemists  find  only  three 
to  five  per  cent  of  citral  in  lemon  oil. 

KLEBEH'S  METHOD. 

Kleber's  method  was  the  first  to  be  tried.      About  a  liter 
of  aldehyde  free  alcohol  was  prepared  by  treating  a  liter  and  a 
half  of  alcohol  with  meta-phenylene  diamine  hydrochloride. 
This  was  boiled  on  a  steam  bath  in  a  flask  fitted  with  a  reflux 
condenser  for  eight  hours.      The  alcohol  was  then  distilled  and 
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the  first  100  e.c.  and  the  last  100  c.e.  were  rejected.  This 
method  of  purifying  the  alcohol  was  found  to  be  too  expensive 
and  tedious  for  the  needs  of  the  work  and  was  replaced  by  a 
cheaper  and  simpler  one.       The  alcohol  was  treated  with  potas- 
sium hydroxide  and  distilled.       This  procedure  gave  a  product 
containing  only  minute  traces,  if  any,  of  aldehyde. 

The  phenyl  hydrazine  was  purified  by  distilling  under  di- 
minished pressure.      A  ten  per  cent  solution  in  alcohol  was  made 
up  for  use  in  the  determination. 

A  solution  of  citral  (Schimmel  &  Company)  in  aldehyde  free 
alcohol  was  made  up,  containing  one  gram  of  citral  in  each  100 
c.  c. 

The  first  trial  was  made  on  10  c.c,  15  cc,  and  £0  cc  sam- 
ples of  the  citral  solution  described  above.       The  results  are 
shown  in  numbers  1,  2,  and  3.      A  blank  of  ten  per  cent  phenyl 
hydrazine  solution  was  first  run. 

Ho.  if/2  HC1  consumed  Theory  Found  %  Recovered. 

1  1.80  .10  .135  155.0 

2  2.31  .15  .175  118.0 

3  2.05  .20  .156  78.0 

These  widely  varying  results  are  attributed  to  the  diffi- 
culty in  titrating  due  to  the  uncertain  end  point.  Congo  red 
was  tried  as  indicator  instead  of  methyl  orange  but  the  calcu- 
lations showed  that  three  times  the  theoretical  amount  of  phenyl 
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hydrazine  reacted.      The  reason  for  this  was  not  considered  but 
Congo  red  was  discarded  as  an  indicator  and  methyl  orange  was 
used. 

Two  solutions  of  citral,  1  0/0  and  2  0/0  respectively,  were 
made  up  and  trials  made  on  10  c.c.  amounts  of  these.       Just  be- 
fore titrating  50  c.c.  of  water  were  added  to  each  flask.  Num- 
bers 4  and  5  show  the  results  on  the  1  0/0  solution  and  6  shows 
the  2  0/0  solution. 


No. 

C.C.  U/2  HC1 

Theory 

Found 

%  recovery 

4 

1.30 

.1 

.0988 

98.80 

5 

1.35 

.1 

.103 

103.00 

6 

2.80 

.2 

.212 

106.00 

The  addition  of  water  made  possible  the  obtaining  of  a 
sharper  end  point. 

The  addition  of  50  c.c.  of  neutral  alcohol  to  the  flasks 
before  titratinn  was  tried.      The  flasks  were  allowed  to  stand 
one -half  hour  after  the  addition  of  the  reagent. 

Mo.     C.C.  N/2  HC1      Theory    Pound  <f>  recovery. 


7  1.89  .1  .145  143.0 

8  1.78  .1  .135  155.0 

9  3.30  .2  .250  125.0 
10  5.18  .2  .240  120.0 
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In  the  next  experiment  20  cc  of  the  citral  solutions  were 

used  and 

the 

phenyl 

hydrazine  solution  was  one  half  the  strength 

of  that  used 

above  or  about  5  %. 

Uo. 

C 

.  c. 

U/2  HC1        Theory       Found  fo 

recovery. 

11 

2.32 

.2  .176 

88.0 

12 

2.25 

.2  .171 

85.2 

13 

4.80 

.4  .364 

91.0 

14 

5.05 

.4  .383 

96.0 

The 

following  results  show  a  series  of  experiments  in  which 

in  which 

citral  solutions  of  different  strengths 

were  used. 

The  strength 

of  the 

phenyl  hydrazine  reagent  was 

varied  as  in- 

dicated. 

Mo. 

Citral 

N/2  HC1        Theory  Found 

°/o  recovery. 

solution 

Consumed 

10$  Phenyl  Hydrazine. 

15 

30 

cc 

-Ifo 

3.19              .3  .242 

80.66 

16 

40 

cc 

-Ifo 

5.07              .4  .385 

96.25 

17 

30 

cc 

-Zfo 

5.97              .6  .528 

88.00 

18 

40 

cc 

-2.% 

9.27              .8  .705 

88.00 

5fo  Phenyl  Hydrazine. 

19 

20 

cc 

-1% 

2.17              .2  .165 

82.50 

20 

20 

cc 

-1% 

2.26              .2  .172 

86.00 

21 

20 

cc 

-2°/o 

4.44              .4  .337 

84.25 

22 

20 

cc 

-2% 

4.46              .4  .338 

84.50 

-39- 

JJo.     Citral       N/2  HC1        Theory    Found       %  recovery, 
Solution  Consumed 


23 

20 

cc 

-1% 

2.08 

10%  Phenyl  Hydrazine. 
.2  .158 

79.00 

24 

20 

cc 

-1* 

2.05 

.2 

.156 

78.00 

25 

20 

cc 

4.64 

•  4 

88.25 

26 

20 

cc 

-2# 

4.64 

.4 

.353 

88.25 

27 

1/2 

g- 

citra!5.85 

.5 

.444 

88.88 

28 

10 

cc 

-2f* 

2.20 

.2 

.167 

80.90 

29 

10 

cc 

-2fo 

2.25 

.2 

.171 

81.40 

30 

20 

cc 

-2$ 

4.94 

.4 

.375 

93.80 

31 

20 

cc 

-2$ 

4.89 

.4 

.371 

92.80 

A  trial  was  made  on  25  cc.  of  the  alcohol  used  but  no  al- 
dehyde reacted.      Two  trials  were  made  using  10  cc.  of  the  sam- 
ple and  10  cc  of  the  reagent  and  two  with  20  cc  of  the  sam- 
ple and  20  cc  of  reagent.      The  results  of  the  former  are 
shown  in  numbers  32  and  33  and  the  latter  in  34  and  35. 

32  10  cc-2$    2.48  .2        .187  96.50 

33  "  2.45  .2        .185  92.50 

34  20  cc-2$    6.46  .4         .412  103.00 

35  ■  4.46  .4        .338  84.50 

An  effort  to  further  purify  the  citral  and  reagents  used 
did  not  result  in  any  advantage  as  far  as  the  amount  recovered 
was  concerned.       The  phenyl  hydrazine  was  distilled  under  di- 
minished pressure  in  a  Claisen  bulb.       The  citral  was  distilled 
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in  the  same  type  of  apparatus.      The  alcohol  was  purified  by  be- 
ing freed  from  aldehydes  with  potassium  hydroxide  and  then  dis- 
tilled.     A  1$  solution  of  citral  in  alcohol  was  made  up. 
The  results  are  given  below: 

Ho.     C.  C.  N/2  HC1      Theory      Found  %  recovery. 

56            0.95                     .1          .0786  78.6 

37  0.95                     .1              "  " 

38  0.95  .1 

39  1.00                     .1          .0828  82.8 

In  the  purification  of  the  citral  as  described  above  it  ap- 
peared that  some  water  was  present  in  the  sample,  as  evidences 
of  moisture  were  found  during  the  distillation. 

BENNETT'S  METHOD. 
Bennett's  method  was  next  tried  out  on  citral  solutions  of 
known  strength.      The  directions,  with  the  exception  of  one 
slight  change  to  be  noted  later,  were  followed  out  as  given  in 
the  first  part  of  this  thesis.      The  reagents  used  were  a  half 
normal  solution  of  hydroxyl -amine  hydrochloride  in  80$  alcohol, 
half -normal  alcoholic  potash,  and  half -normal  hydrochloric  acid. 
The  latter  had  a  factor  of  1.089.      The  grams  of  citral  in  a 
sample  was  found  by  multiplying  the  number  of  cubic  centimeters 
of  acid  consumed  by  the  factor  and  by  .676,  the  factor  for  citral 
The  results  of  a  series  of  experiments  are  as  follows: 


No. 

Sample 

N/2  HCl 
Consumed 

Theory 

Found 

%  Recovered. 

40 

25  cc-2$ 

4.53 

.5 

.375 

75.0 

41 

tt 

5.37 

tt 

.444 

88.8 

4E 

it 

5.00 

tt 

.413 

82.6 

43 

it 

3.52 

it 

.291 

58.2 

44 

it 

3.45 

» 

.286 

57.2 

45 

tt 

4.98 

n 

.412 

82.4 

46 

n 

4.92 

it 

.407 

80.1 

47 

it 

4.95 

tt 

.410 

82.0 

48 

tt 

5.62 

tt 

.465 

93.0 

49 

tt 

4.95 

it 

.410 

82.0 

50 

tt 

5.10 

n 

.422 

84.4 

51 

tt 

5.33 

it 

.441 

88.2 

52 

tt 

4.65 

tt 

.385 

77.0 

53 

tt 

4.85 

tt 

.401 

80.2 

54 

IT 

4.97 

tt 

.411 

82.2 

55 

tt 

4.98 

tt 

.412 

82.4 

56 

10  c.c-4$ 

4.18 

.4 

.346 

86.5 

57 

tt 

4.45 

tt 

.368 

92.0 

58 

25  co-lfo 

3.11 

.25 

.257 

102.8 

59 

10  c.c. -4$ 

4.61 

.4 

.381 

94.2 

60 

0.5968  g. 

5.25 

.5968 

.435 

72.9 

61 

0.5696  g. 

5.00 

.5696 

.413 

72.5 

62 

10  c.c. -4$ 

4.93 

.4 

.408 

102.0 

63 

n 

4.33 

.359 

89.2 

64 

it 

3.  60 

tt 

.  298 

74.0 

65 

n 

4.25 

tt 

.352 

88.0 

66 

it 

4.35 

tt 

.  36? 

67 

4.55 

.376 

94.0 

i!  our  15  gram  sampjLes  oi  xemon 

U1X    i  i!  X  1  uuOwiiv    UJ.  yJ  o  •  i  ucoucu 

ior  cixrax  acojoxciiiig  i<u  jjcxiiio u  u • 

Th<=>  results  of  the  analvses 

are  given  below. 

Wo.     Sample                 B/2  HCl 

f>  A  yt  <"">■  ".-1          /"N  /-3 

uonsuiuGci 

Citral         $  Citral. 
grams . 

68    15  g.  .Lemon  Oil  iu.u 

. OCO                      O. OU 

69  o.<c5 

«  boo  oo 

rt  i>                   IT  OCA 

70                                         .8. oU 

71          "  8.40 

.695  4.64 

rne  average  oi  iae  lasxi  inree 

saiiipj.efc>  is  *t.  o^r/o.  iuio 

value  is  in  close  agreement  with  the  one  accepted  by  many  au- 

thorities for  first  class  lemon  oil. 

No.     Sample                 N/E  HCl 

Consumed 
72      10  c.c.-l$  1.00 

Theory      Found      %  Recovered, 
grams  grams 

.1        .0828  82.8 

73           "  1.05 

.1        .0869  86.9 

74      .  544  g.  citral  5.75 

.544          .475  87.3 

75      .700    g.     n  6.41 

.700          .530  75.4 

76       .5645  g.     "  6.05 

.5645        .502  88.6 

77      25  c.c.-4%  .95 

.079          .079  79.0 

78      100  c.c.  extract  2.25 

.186   

We  found  it  quite  difficult  to  determine  with  accuracy  the 

end  point  in  this  method,  when  titrating  to  methyl  orange,  as 

the  color  of  the  solution  became  such  as  to  almost  completely 

obscure  any  marked  change  of  color 

of  the  indicator. 

The  indicator,  methyl -orange,  was  quite  largely  diluted  with 
water,  and  drops  of  this  placed  on  a  white  tile.      As  the  titra- 
tion proceeded,  from  time  to  time  a  drop  of  the  titrated  solu- 
tion was  removed  with  a  stirring  rod,  and  added  to  the  indicator 
on  the  tile,  the  two  drops  then  being  mixed.      In  this  way  we 
found  it  possible  to  determine  with  a  much  greater  degree  of  ac- 
curacy the  end-point  of  the  titration. 

Beginning  with  Uo.  60,  a  slight  change  was  made  in  the  pro- 
cedure, namely,  instead  of  adding  an  excess  of  alcoholic  potash, 
just  enough  was  added  to  react  with  the  hydroxyl  amine  hydrochlo- 
ride.     No  advantage  was  apparent  in  using  the  excess  and,  fur- 
thermore, the  titration  of  this  excess  gave  varied  results. 

In  Nos.  41  through  53  the  reagents  were  added  in  no  regular 
order.      In  all  after  No.  53,  the  reagents  were  added  in  this 
order:     (l)  citral  solution,  (2)  hydroxyl  amine  hydrochloride, 
(3)  alcoholic  potash. 

In  the  experiments  beginning  with  Uo.  60  the  hydroxyl  amine 
hydrochloride  solution  used  was  made  up  approximately  normal  in- 
stead of  half  normal.      This  increase  in  the  concentration  of 
the  reagent  has  no  apparent  effect  on  the  amount  of  citral  re- 
covered. 
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VAMI1LIN. 

An  attempt  to  use  Bennett's  method  for  the  estimation  of  va- 
nillin was  made.      The  procedure  was  as  follows:     a  solution  of 
vanillin  of  1%  strength  was  made  in  alcohol.      Twenty-five  c.  c. 
of  this  solution  were  taken,  20  c.  c.  of  hydroxyl  amine  hydrochlo- 
ride added,  the  whole  made  neutral  with  alcoholic  potash,  and 
20  c.  c.  of  alcohol  added.-     The  flask  was  placed  under  a  reflux 
condenser  and  the  contents  boiled  on  a  water  bath  for  one  half 
hour.      The  excess  hydroxyl  amine  was  titrated  with  W/2  HC1,  us- 
ing dilute  methyl  orange  as  indicator  on  a  white  plate. 


No. 

Sample 

H/2  HC1 
Consumed 

Vanillin 
grams 

Theory 
grams 

%  Recover? 

78 

25 

c.  c. -1% 

.87 

.07 

.25 

28.0 

79 

.85 

.07 

.25 

28.0 

80 

10 

c.c.-l% 

1.50 

.12 

.10 

120.0 

81 

n 

.75 

.062 

n 

62.0 

82 

it 

1.68 

.139 

it 

139.0 

83 

n 

.95 

.078 

w 

78.0 

84 

i? 

1.10 

.091 

M 

91.0 

85 

tt 

1.00 

.083 

If 

83.0 

Nos. 

80 

to  83  inclusive  were 

boiled 

45  minutes. 
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HILTNER'S  METHOD. 

For  this  method  a  1%  solution  of  meta-phenylene  diamine  was 
prepared.       The  standard  solution  was  one  containing  .25  g.  citralj 
(Merck)  in  250  c.  c.  of  50$  by  volume  alcohol. 

By  this  method  a  25  g.  sample  of  lemon  extract  was  found  to 
contain  AP/o  of  citral  by  weight. 

100  c.  c.  extract  gave  .28  g.  citral.      By  Bennett's  method 
100  c.  c.  of  this  extract  yielded  .198  g.  citral. 

4.48  g.  lemon  oil  yielded  6.2$  citral.      By  Bennett's  method 
a  sample  of  this  oil  yielded  4.64%  citral. 

CONDENSATION  OF  CITRAL  WITH  ALPHA -NAPHTHY1  HYDRAZINE. 

The  use  of  this  condensation  was  attempted  and  with  what 
success  may  be  readily  seen  by  a  glance  at  the  results  given. 
A  solution  containing  4  g.  of  citral  in  each  100  c.  c.  was  made 
up.      The  alpha -napthyl  hydrazine  reagent  was  made  about  the 
same  strength. 


No. 

Sample 

N/2  HC1 
Consumed 

Citral 
grams 

Theory 
grams 

%  Recovered. 

86 

10  cc  - 

4$  3.35 

.277 

.4 

69.5 

87 

if 

3.30 

.273 

IT 

68.2 

88 

IT 

2.34 

.198 

TT 

49.5 

89 

It 

2.09 

.173 

It 

43.2 

90 

n 

2.15 

.180 

n 

45.0 

91 

tt 

8.27 

.683 

ti 

170.7 

No. 

Sample 

JJ/2  HC1 
Consumed 

Citral 
grams 

Theory 
grams 

%  Recove 

92 

10  cc-4^ 

7. 85 

.  648 

.4 

162.0 

93 

IT 

7.56 

.626 

ti 

156.5 

94 

n 

6.49 

.591 

n 

147.2 

95 

n 

6.56 

.538 

ii 

134.5 

Nos.  86  and  87  were  allowed  to  stand  three  hours  and  88  and 
89  for  48  hours.      Uo.  90  was  boiled  on  water  bath  under  a  reflux 
condenser  for  an  hour  and  then  allowed  to  stand  four  hours  with 
light  excluded.      It  is  difficult  to  account  for  the  extremely 
high  results  in  the  other  cases.      However,  it  is  probable  that 
some  of  the  hydrazine  was  used  up  in  ways  other  than  aldehyde 
condensation. 

CONCLUSION. 

1.  The  average  recovery  of  39  trials  with  Kleber's  method 
was  89.03$. 

2.  In  t wenty-f our  or  over  half  of  the  trials,  the  recov- 
ery fell  between  80$  and  100$  with  an  average  of  88.2$. 

3.  In  Kleber's  method  the  addition  of  50  c.  c.  of  neutral 
alcohol  before  titration  gives  an  abnormally  high  recovery. 

4.  In  general,  concordant  results  were  obtained  by  Kle- 
ber's method  when  from  0.4  g.  to  0.8  g.  of  citral  was  in  the  so- 
lution. 

5.  The  average  recovery  of  34  trials  with  Bennett's  meth- 
od was  80.1$      Twenty-three  or  nearly  70$  of  the  cases  fell 


between  80$  and  100$,  with  an  average  of  86.4%.      Therefore,  we 
may  safely  conclude  that  Bennett's  method  gives  a  lower  recov- 
ery than  Kleber's. 

6.  A  modification  of  the  method  of  determining  the  end- 
point  in  Bennett's  method  is  proposed. 

7.  Concordant  results  could  not  be  obtained  by  using  Ben- 
nett's method  for  estimating  vanillin.      This  is  not  to  say, 

however,  that  the  method  with  modification  cannot  be  used. 

8.  The  results  indicate  that  Hiltner's  method  gives  a 
higher  citral  value  than  Bennett's. 

9.  A  successful  method  based  on  the  condensation  of  alpha- 
naphthyl  hydrazine  could  not  be  worked  out. 

10.      In  the  use  of  a  colorimetric  method,  strict  attention 
must  be  paid  to  the  purity  of  the  citral  used  as  a  standard. 
We  believe  this  point  is  usually,  if  not  always,  neglected. 
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